Field trials were conducted in 2015 and 2016 cropping seasons to evaluate some herbicide mixtures and manual weed control method in the production of maize in the southern Guinea savanna of Nigeria. The experiment consisted of 10 treatments as follows: metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha -1
Introduction
Maize (Zea mays L.) is the third most important cereal crop in the world after wheat and rice (MINFAL, 2003) . In the developing countries it is a major source of income to many farmers (Tagneet et al., 2008) . plus one supplementary hoe weeding (SHW) at 6 weeks after sowing (WAS), hand weeding at 3 and 6 WAS and a weedy check. These treatments were laid out in randomized complete block design (RCBD) with three replicates. Data collected included weed dry matter, weed density, relative importance value (RIV%) of weed species, leaf area, plant height and grain yield of maize. Also, economic assessment of the weed control methods was carried out. Results showed that metolachlor + atrazine and pendimethalin + atrazine at 1.0 + 2.0kg a.i. ha -1 plus one SHW at 6 WAS significantly reduced weed infestation and gave higher grain yield of maize and economic returns. These methods are therefore recommended to farmers as alternatives to two hand weeding at 3 and 6 WAS.
Keywords: Chemical weed control, Hand weeding, Herbicide mixture, Maize productivity, Weed infestation Despite its importance, the yield of maize obtained in Nigeria is far below expectation due to numerous factors which include weed infestation, low soil fertility and availability of labour. Yield losses between 60-80% have been attributed to uncontrolled weed infestation in maize (Lagoke et al., 1998) and this finding was confirmed by Imoloame and Omolaiye (2016) , who reported 89% yield loss inmaize as a result of uncontrolled weed infestation.
Manual weeding is the commonest method of weed control in Nigeria. The traditional method is backbreaking, which offers little hope for expanding the present farm size. Hoe weeding is labour intensive, expensive and strenuous. Ekeleme (2009) reported that 25 -55% of the total cost of production is spent on labour and weeding operations.
Chemical weed control is a practical and economic alternative to hand weeding. If herbicide is applied appropriately it could prevent weed infestation from planting to harvesting and promote higher yields by allowing closer crop spacing and therefore higher plant population.
Though chemical weed control has many advantages over hoe weeding, there is the possibility of reducing the herbicide rates in order to cut cost and mitigate the problem of environmental buildup of herbicide residues and herbicide resistant weeds. This calls for Integrated Weed Management (IWM) strategy which is the combination of two or more weed control methods for more effective and efficient weed control than a single method. This approach considers the use of cultural, mechanical and chemical control options that are both feasible in specific cropping systems and permitted by socioeconomic conditions (Norsworthy et al., 2012; Vencill et al., 2012; Ganie et al., 2014) Most of the available research carried out on methods of weed control in maize have been in the northern Guinea savanna of Nigeria. Also, the high cost of weed control coupled with the high labour demand of hoe weeding and the need to protect the environment has driven the desire for a method of weed control that will not only be safe, effective and efficient in minimizing weed density, but will also lead to higher grain yield of maize.
The objectives of this research were to determine the weed control method that would result in effective and efficient weed control and also give higher grain yield of maize.
Materials and Methods
A field experiment was conducted during the 2015 plus one supplementary hoe weeding (SHW) at 6 weeks after sowing (WAS), hand weeding at 3 and 6 WAS and a weedy check.These treatments were laid out in a randomized complete block design (RCBD) and replicated three times. The maize variety was used was SUWAN-1-SR which was sown on the11 . Herbicides were applied a day after planting with a CP15 knapsack sprayer and a green nozzle which were calibrated to deliver a spray volume of 250 litre ha -1 , Karate insecticide containing 2.5% lambdacyhalothrin at the rate of 30 ml in 10 litres of water was applied three times beginning from 6 WAS to control army worms. Fertilizer was applied at the rate of 120 kg N, 60 kg P 2 O 5 and 60 K 2 O. These were provided with a compound fertilizer viz., 15:15:15. Harvesting was done on a net plot of 9 m 2 after the rows at the edges on both sides of the gross plot (16 m 2 ) were discarded to reduce error. The parameters measured included weed density, weed cover score, weed dry weight, plant height, leaf area and grain yield. The relative importance value (RIV) of each weed species was determined after the weeds were collected from the quadrat and before they were oven dried. The RIV was computed as follows: RIV = RD + RF (Wentworth et al., 1984) 2 Relative density (RD) was determined by dividing the total number of individuals of a weed species in all the quadrats by the total number of all the weed species in all the quadrats multiplied by 100. The percentage relative frequency was calculated as the number of occurrence of a species in all the quadrats divided by the total of occurrence of all species in all the quadrats multiplied by 100 ( Das, 2011) .
Data analysis
The data collected was subjected to analysis of variance using Assistat 7.7, 2017 version Statistical Package and where F value was significant, the means were separated using the Duncan's Multiple Range Test (DMRT) at 5% level of probability.
Economic analysis
The economic analysis was carried out using partial budgeting (Okoruwa et al., 2005) The cost: benefit ratio was calculated using the method of Joshua and Gworgwor (2001) as follows:
Cost benefit ratio = where TCP is total cost of production and I is income per revenue
Results and Discussion

Rainfall
The total amount of rainfall recorded in 2015 was 1010.5 mm, with the month of September having the highest rainfall, while January, February, April and August had low rainfall. In 2016, higher rainfall of 1,493.4 mm was recorded which was evenly distributed (Fig.1) . 
Physico-chemical analysis of the soil of the experimental site
The soil at experimental site was sandy loam and slightly acidic. The nitrogen and available phosphorus content of the soil was low and inadequate (Table 1 ).
The adaptive capacity of this weed species made it more persistent and competitive with the maize crop. This is in line with the findings of Imoloame and Omolaiye (2016) , that weed species with the highest relative importance value in maize were Paspalum scobiculatum and Digitaria horizontalis. The significant reduction in the yield of maize in the weedy check could have resulted from the predominance of Paspalum scrobiculatum. There was an increase in the number of weeds species at 12 WAS under each treatment. This could have resulted from the germination of more weed species with time as the effect of the herbicides expired. Also, the appearance of broadleaved weeds as dominant weed species at 12 WAS suggest that broadleaved weed flushes comes up later in the season probably because they are buried at a greater depth of the soil. Deat et al. (1980) reported that 60-75% of total grassy weeds as against only 30-35% broad leaved weeds emerged during first 15 days of an intensively cultivated field in Ivory Coast.
Effect of herbicide mixtures and manual weed control on weed dry matter, weed cover and density in maize crop
Pre-emergence application of pendimethalin + atrazine and metolachlor+ atrazine at 1.0 + 2.0 kg a.i. ha -1
plus one SHW at 6 WAS and two hand weedings at 3 and 6 WAS caused a significant reduction in weed dry matter than the other methods of weed control at both 6 and 12 WAS in 2016. (Table 4 ). Metolachlor + atrazine and pendimethalin + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW at 6 WAS and hand weeding at 3 and 6 WAS were more effective in significantly reducing both weed density and weed cover compared to the other treatments (Table 5 ). The ability of metolachlor + atrazine and pendimethalin + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW at 6 WAS and two hand weeding at 3 and 6 WAS to significantly reduce weed dry matter, weed density and weed cover proves the effectiveness and efficacy of these weed control methods. These different herbicide mixtures plus one SHW can be used in rotation for effective weed control in maize. The integration of herbicides Table 2 . Paspalum scrobiculatum was the most dominant weed species both within and across all the treatments at 6 and 12WAS in 2015.
The total number of weed species increased across treatments with some broadleaved weeds like Gomphrena celosoides and Hyptis suaveolens becoming dominant between 6 and 12 WAS (Tables  2 and 3) . Paspalum scrobiculatum appears to be the most predominant weed species infesting maize within and across treatments at 6 and 12 WAS in maize plot. This could be as a result of the inability of the treatments to fully control this weed species which was also well adapted to the environment. with one supplementary hoe weeding has been found to be very effective in the control of weeds and for promoting higher yields in various crops (Peer et al., 2013; Veeramani et al., 2001; Imoloame, 2014) .
Effect of herbicide mixtures and manual weed control methods on the growth of maize
All the herbicide treatments increased plant height significantly as compared to the weedy check at 6 WAS, however, with time at 12 WAS, hand weeding at 3 and 6 WAS gave significantly taller plants than the other treatments except metolachlor + atrazine and pendimethalin at 1.0 + 2.0 kg a.i. ha , which produced comparable taller plants (Table 6) . Two hand weedings at 3 and 6 WAS and the two different herbicide mixtures integrated with one SHW at 6 WAS resulted in significantly taller plants than the other treatments, probably due to their ability to significantly reduce weed infestation, which could have minimized weed competition and made sufficient growth resources (moisture, plant nutrients, light) available for utilization and better performance by maize crop. Pre-emergence application of pendimethalin + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW resulted in leaf area significantly greater than the weedy check but was comparable to the other weed control methods including two hand weedings at 9 WAS (Table 7) . However, pendimethalin + atrazine and metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW, all the rates of metolachlor + atrazine and two hoe weeding gave significantly larger leaves in both years at 12 WAS. The larger leaf area of the maize plants produced from plots treated with metolachlor + atrazine and pendimethalin + atrazine at 1.0+2.0 kg a.i. ha -1 plus one SHW at 6 WAS is an additional proof of their efficacy to promote effective weed control and the utilization of growth resources for better growth. The larger leaf area confers advantage to maize as it provides a larger surface for the capture of more solar radiation for increased photosynthesis and higher yield. c P+A = Pendimethalin + Atrazine; M+A = Metolachlor+Atrazine; 1 = Weeks after sowing; 2 = Means in a column followed by the same alphabet (s) are not significantly different at 5% level of probability using Duncan's Multiple Range Test (DMRT).; SHW= Supplementary hoe weeding
Effect of herbicide mixtures and manual weeding on grain yield of maize
Two hoe weedings at 3 and 6 WAS produced grain yields that were comparable to metolachlor + atrazine and pendimethalin+ atrazine at 1.0 + 2.0 kg a.i. ha -1
plus one SHW at 6 WAS, but was significantly higher than the rest of the treatments and the weedy check in both years (Table 8) . This is probably a result of better weed control provided by these treatments which gave rise to better growth and higher grain yields.. This result is similar to that of Imoloame (2014 ) andVeeramani et al. (2001 , who reported increase in grain yield as a result of the use of herbicide application plus one SHW.
Economic assessment of the use of different methods of weed control
The highest grain yield of maize (2,814 kg ha -1 ) was obtained from plots treated with pre-emergence application of metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW followed by pendimethalin + atrazine at 1.0 + 2.0 kg a.i. ha (Table 9) . However in 2016, hand weeding at 3 and 6 WAS resulted in the highest maize yield (3,028 and 2782 kg ha ) among the treatments, while the lowest (N107,300) was from weedy plots in both years. This result is corroborated by the findings of Imoloame (2014) and Adigun and Lagoke (2003) that manual weeding is very expensive. In 2015, metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW at 6 WAS followed by two hand weeding at 3 and 6 WAS and pendimethalin + atrazine at 1.0 + 2.0 kg a.i. ha -1 plus one SHW at 6 WAS generated the highest income (N337, 776) (N304, 440) and (N271,020) ha -1 respectively, while weedy check resulted in the lowest income (N81, 108). However in 2016, higher income was obtained from two hand weeding at 3 and 6 WAS (N666, 336) and (N485, 388) ha -1 respectively, followed by metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha plus one SHW at 6 WAS generated the highest income in 2015, because of its ability to produce higher grain yield of maize. However, in 2016 two hoe weeding produced the highest grain yield and therefore gave higher revenue.
The highest gross margin per profit (N358,088) ha -1 resulted from the plots that were manually weeded 3 and 6 WAS, followed by metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha (Table 9 ). This is similar the findings of Imoloame (2014) who recommended the pre-emergence application of metolachlor+diuron at 1.5 + 0.5 kg a.i. ha -1 plus one SHW at 6 WAS for higher yield, profitability and economic returns in soybean production.
Weedy check followed by metolachlor + atrazine Evaluation of herbicide mixtures and manual weed control methods in maize (Zea mays L.) production in the southern guinea at 2.0 +2.5 kg a.i. ha -1 had the highest cost-benefit ratio (1: 1.323) and (1:0.534) respectively, while the lowest cost-benefit ratio was from the plot treated with pre-emergence application of metolachlor + atrazine at 1.0 + 2.0 kg a.i. ha plus one SHW at 6 WAS had the lowest cost-benefit ratio followed by two hand weedings at 3 and 6 WAS in 2015. This is an indication that the aforementioned method of weed control is more beneficial financially than manual weeding and other treatments This is in line with the findings of Nazeer et al. (2004) who recommended Buctril-M herbicide over hoe weeding for the management of broadleaf weeds in wheat as a result of the ability of herbicide to produce higher grain yield compared with hoe weeding and the attractive benefit-cost ratio. However, in 2016, hand weeding at 3 and 6 WAS, followed by metolachlor + atrazine and pendimethalin + atrazine at 1.0+2.0 kg a.i. ha -1 gave the lowest cost-benefit ratio. Despite the good performance of two hand weedings, it is considered to be very strenuous and associated with a lot of drudgery. Therefore, metolachlor + atrazine and pendimethalin +atrazine at 1.0 + 2.0 kg a.i. ha -1 integrated with a SHW at 6 WAS may serve as a suitable alternative to two hand weedings.
It can therefore be concluded that metolachlor + atrazine and pendimethalin + atrazine at 1.0+2.0 kg a.i. ha -1 plus one SHW at 6 WAS can serve as alternatives to two hand weedings at 3 and 6 WAS for effective weed control and the promotion of higher yield and economic returns in the production of maize in the southern Guinea savanna of Nigeria. in 2016.;P+A = Pendimethalin + Atrazine; M+A = Metrolachlor + Atrazine WAS = Weeds After Sowing; 1 = Means in a column followed by the same alphabet (s) are not significantly different at 5% level of probably using Duncan's Multiple Range Test (DMRT).; SHW= Supplementary hoe weeding
